Dimensional errors introduced during the etching process in the fabrication of a planar microwave circuit can significantly affect the performance of the circuit. Full-wave electromagnetic simulations are used to study the influence of etching errors on the performance of high temperature superconductor (HTS) resonators. Resonators with self-coupling are found to have a high tolerance for etching error. This kind of resonator can be useful for applications in planar HTS resonators and filters.
Introduction
High temperature superconductors have been widely used to develop high performance microwave filters. However, it is not easy to achieve the required filter performance. The measured performance is frequently found to be inconsistent with the simulation results. One of the reasons is etching error. Hence the sensitivity of the filter performance to the etching error is one of the parameters for determining the quality of the filter design. As filters are made of a set of resonators, the performances of the resonators, basically the resonant frequency, directly affect the filter J Lu et al performance. This problem is especially severe for narrow band filters.
Besides filter application, resonators are also frequently used to stabilize oscillators. HTS resonators are of special interest to these applications due to their high Q factor. Here the requirement for accuracy of the resonant frequency is much more critical.
In general, reducing the size of the resonator results in a higher resonant frequency. As a reference, figure 1 shows a straight microstrip resonator coupled by a gap. Reduction of 10 MHz in resonant frequency is observed when there is shrinkage of 0.001 mm in all of the edges. This is equivalent to a gradient of 10 GHz mm −1 , which is very large for filter applications. Here the dominant factor for frequency change is the resonator length. The width change has only a minor effect.
In our study, to minimize the frequency shift due to shrinkage in dimension on every side of the resonator, we found that certain structures exhibit a higher tolerance to etching error. IE3D simulation software is used as the primary tool to investigate this problem.
To reduce the frequency change, an opposite change is required. A self-coupled resonator displays the following behaviour. Self-coupled resonators are resonators with strong internal coupling between different parts of a resonator. The hairpin resonator is one these [1] [2] [3] [4] [5] [6] . It has been widely used to miniaturize the size of resonators. In addition to the folded structure, internal coupling between the two arms of the resonator is the key factor in reduction of size. Introducing lump element capacitance can further reduce size. Ring resonators, Meander-line resonators [7, 8] and spiral resonators [9] [10] [11] [12] are also self-coupled resonators with a more complicated structure and internal couplings. Figure 2 shows the layout of a closed loop self-coupled resonator. It is a full wavelength resonator for fundamental resonance. It is coupled to the 50 microstrip input through a gap. Similar to the hairpin resonator, significant coupling exists between the two longer sides. Changing the gap between the two sides can change both the resonant frequency and internal coupling. The substrate is assumed to be LaAlO3 with 0.5 mm thickness and a dielectric constant of 23.8. Simulation is performed for the cases with and without 0.01 mm over etching. Resonant frequency is obtained from the simulated resonant curve. The frequency change is the difference between the resonant frequencies of the two cases. Figure 3 shows the simulation results. The frequency change due to the etching error has been greatly reduced, compared with the straight microstrip resonator. For the gap between 1.0 mm and 1.1 mm, there exists a point where the frequency change is zero. It means that for an HTS filter made of such a resonator, the influence due to etching error can be minimized.
Closed loop self-coupled resonator

Open loop self-coupled resonator
This feature is not unique to the closed loop resonator. Open loop resonators also have the same capability. However, due to over etching at the loose ends of the resonator, stronger couplings are required to achieve the same feature. Figure 4 shows the layout of the resonator. The substrate is also assumed as LaAlO 3 with 0.5 mm thickness. The dimensions of the resonator are shown in the figure.
Due to the open end, it is a half wavelength resonator for fundamental resonance. The coupling to the 50 microstrip input is a direct tapered connection. Figure 5 shows the resonant frequency versus the internal coupling gap. The frequency shift due to 0.01 mm over etching is also shown in the figure.
Conclusion
Closed and open loop resonators have been studied. The resonant frequency is simulated for the cases with and without etching error. The difference between the resonant frequencies varies with the self-coupling gap. There is a zero cross point on the frequency difference versus self-coupling gap, where the etching error has a minimum effect on the resonant frequency. These studies show that self-coupled resonators have the capability to tolerate higher etching error. Hence, self-coupled resonators are very useful for the development of high-stage HTS filters.
